Mechanisms of aminoacyl-tRNA synthetases: a critical consideration of recent results.
During the last 10 years intensive and detailed studies on mechanisms and specificities of aminoacyl-tRNA synthetases have been carried out. Physical measurements, chemical modification of substrates, site-directed mutagenesis, and determination of kinetic parameters in misacylation reactions with noncognate amino acids have provided extensive knowledge which is now considered critically for its consistency. A common picture emerges: (1) The enzymes work with different catalytic cycles, kinetic constants, and specificities under different assay conditions. (2) Chemical modifications of substrates can have comparable influence on catalysis as can changes in assay conditions. (3) All enzymes show a specificity for the 2'- or 3'-position of the tRNA. (4) Hydrolytic proofreading is achieved in a pre- and a posttransfer process. In most cases pretransfer proofreading is the main step; posttransfer proofreading is often marginal. (5) Initial discrimination of substrates takes place in a two-step binding process. For some investigated enzymes, initial discrimination factors were found to depend on hydrophobic interaction and hydrogen bonds. (6) The overall recognition of amino acids is achieved in a process of at least four steps. At present, only a rough overall picture of aminoacyl-tRNA synthetase action can be given.